Vaccines mitigate the severity of the diseases, prevent infections, and reduce the complications associated with infections. Following the 2012 measles campaign in Zambia, a cross sectional study was conducted to estimate coverage rates for measles, Oral Polio Vaccine (OPV), Vitamin A, and de-worming.
INTRODUCTION
Measles continues to be a serious public health problem in both developing and developed countries despite the availability of a safe and effective vaccine. The incidence of measles in 2010 in the African region varied from 0 in the Central African Republic and Uganda to 526.3/100000 population in Malawi, with a regional total of 17.2/100000 population. Meanwhile, the incidence of measles in Zambia was 107.3/100000 populations [1] .
Vitamin A deficiency is also a worldwide health problem, with a global prevalence of vitamin A deficiency in children aged 0-4 years estimated at 21% in 2002 [2] . In 2003, vitamin A deficiency was estimated to be at 53.3% in children aged below 5 years in Zambia [3] .
Infestation with soil transmitted helminths (worms) is a public health problem as it causes high morbidity among under five children; and deworming of children aged below five years has been adopted as one way of controlling helminths in Zambia [4] . In pre-school children in Kafue district of Zambia, Siwila et al. [5] found an overall prevalence of helminths infection of 17.9%: Ascaris lumbricoides (12.0%), hookworm (8.3%), Taenia spp. (0.9%), Hymenolepis nana (0.6%) and Schistosoma mansoni (0.3%). Halwindi et al. [6] found that 16.4% of children aged 12-59 months at baseline of the intervention had Ascaris lumbricoides, while hookworms were found in 7.0% of the children.
The reported annual incidence of poliomyelitis cases has declined by 70% from 5126 cases in 1980 to 1597 in 1995 in Africa [7] . By mid-2005 wild polio virus cases were reported from countries neighbouring Zambia: Angola, Botswana [8] , Zaire [9] and Namibia [10, 11] . Although, the last indigenous case of polio in Zambia was reported in 1995, 3 cases of Wild Polio Virus were virologically confirmed amongst Angolan refugees in Western Zambia in 2001 [12] .
Vaccination at national level saves millions of lives annually [13] . Nationwide vaccination campaigns reduced measles mortality from one million deaths per year in the 1980s to between 300,000 and 580,000 during the 1990s in the African region [14] . Apart from preventing diseases, vaccines also mitigate the severity of the diseases, prevent infections, and reduce the complications associated with infections [15] . Sustained reduction in measles mortality can be achieved if routine immunization is improved, all children are given a second dose of measles vaccine, measles case management is improved, and measles surveillance is carefully conducted [16] . However, problems of vaccine failure may lead to epidemics [17, 18] .
Vitamin A deficiency is a recognized risk factor for severe measles [19] . The reduction in measles morbidity with vitamin A supplements is well documented [20, 21] . In Nairobi, Kenya, Ogaro et al. [22] found that high dose vitamin A reduced the severity of complications of measles. Imdad et al. [23] reported that vitamin A supplements reduces incidence of measles morbidity by 50%.
Low polio vaccine coverage of less than the 80% target in countries that reported cases of polio may partly explain the resurgence of wild polio virus transmission [8] . Coverage of the fourth dose of oral polio vaccine (OPV) called OPV3 of 70%-90% and an estimated vaccine efficacy with three or four doses of OPV of 80%-85% may result in a substantial accumulation of susceptible children annually [24] and lead to an epidemic. It is thus important that Zambia maintains at least 80% coverage for OPV to avoid the resurgence of wild polio virus transmission.
Zambia started providing immunization services in 1975 when the Expanded Programme on Immunization (EPI) was introduced, and in 1984 the programme was re-focussed to a Universal Child Immunization (UCI) in order to widen coverage. Over the years from when UCI was introduced, immunization coverage improved. In 2001 and 2008, measles vaccine coverage in Zambia was 84% and 85%, respectively. Meanwhile, the average annual measles incidence per 100,000 population reduced from 98.7 to 2.4 between 2001-2004 and 2005-2008 [14] . However in 2011, measles incidence rate per 100,000 population was 97.6 [25] . As a result of this epidemic, the government of the Republic of Zambia with the assistance of the World Health Organization (WHO) and the United Nations Children's Fund (UNICEF) conducted a national vaccination campaign in July 2012 covering measles, OPV, Vitamin A and de-worming. Following this campaign, a cluster survey was conducted with the aim of obtaining information on the delivery and impact of 2012 integrated Campaign. Specifically we determined the post campaign coverage for each of the activities and identified the reasons of non administration to beneficiaries and documented measles knowledge on the campaign and information sources.
MATERIALS AND METHODS

Target Population
The integrated campaign targeted 6,458,977 children aged 6 months to 15 years to be vaccinated against measles; 2,494,884 aged 6 to 59 months to receive Vitamin A supplementation countrywide; 2,217,675 aged 12 to 59 months to be de-wormed and 1,257,558 children aged 0 to 59 months to receive OPV in 30 polio high risk districts.
Survey Design and Study Area
A cross sectional study was conducted to estimate coverage rates for measles, OPV, Vitamin A, and de-worming. The survey was designed to produce estimates for the entire country. At the time of the survey, Zambia had 10 provinces with 74 districts (Fig. 1a) . Fig. (1a) . Post Measles Campaign Sample Point.
Sample Size and Sampling
To determine the number of children to be surveyed, the following parameters were required: number of selected clusters, desired level of precision, and expected immunization coverage.
The number of survey clusters and children per cluster was determined in reference to established EPI coverage survey guidelines [26] . The EPI coverage survey manual provides guidance on the necessary number of children per cluster that must be sampled for desired precision of + 3%, + 5%, and +10%, respectively. The expected immunization coverage levels in the Zambia EPI programme are different for routine and Supplementary Immunization Activities (SIA) strategies. For this survey, 40 clusters by 9 households, based on 2012 SIAs coverage, were adopted with a precision level of α = 0.05 and a design effect of 2. The previous SIA coverage levels were obtained from the 2010 performance coverage by districts where the sampled SEAs were located. Using the following parameters: expected coverage of 88% from the 2010 post measles SIAs coverage survey for the under 5 years conducted countrywide (p = .88) and a desired width of the confidence interval of ±5% (d = 5), and assuming a design effect of 2, the minimum required sample size for children 324.5. Therefore, the minimum number of children to sample in each cluster was 324/40 = 8.1. We considered sampling 9 children for measles vaccination from each cluster, giving a total sample size of 360 children.
When we considered an OPV expected coverage of 92% from the 2011 post OPV SIA survey conducted in 8 districts of Western and North-Western provinces. We opted to sample 9 children in each of the 22 out of 40 clusters in which OPV was administered during the campaign.
Zambia is administratively, divided into ten provinces. Each province is in turn subdivided into districts. Each district is further subdivided into constituencies and wards. For statistical purposes each ward is subdivided into Census Supervisory Areas (CSAs) and these are in turn subdivided into Standard Enumeration Areas (SEAs). The 2008-2010 census mapping exercise in preparation for the 2010 census of population and housing, demarcated the CSAs within wards, wards within constituencies and constituencies within districts. In total, at the time of constructing the 2010 census frame, Zambia had 74 districts, 150 constituencies, and 1,421 wards. Wards are further divided into Census Supervisory Areas (CSAs), which are in turn divided into Standard Enumeration Areas (SEAs). The SEAs are also stratified by urban and rural strata. The listing of SEAs has information on number of households and the population. The SEAs were the primary sampling units (PSUs) or the clusters.
The sample selection was done in two stages with the initial sampling of clusters (SEAs) as the PSUs and then selected 9 households. In each selected cluster, the first household that was selected was located in the middle of the cluster. The direction to follow from the middle of the cluster was selected at random. The remaining children were selected in that direction. If the number of children (9) was not met, the team went back to the middle of the cluster and selected a direction at random and went in that direction until the required number of children was surveyed. One eligible child was selected per household and the youngest where there was more than one child. If twins were present in a selected household, both twins were then selected.
OPV coverage evaluation was conducted in 22 out of the 40 clusters selected for measles coverage evaluation because OPV vaccine was not administered to all districts in the country. Fig. (1a) shows the country-wide distribution of sample points.
Data Collection
Informed consent was obtained from the respondent before the interview could start. The respondent was first asked whether the child had an immunization card obtained from the recent campaign. If so, the interviewer transcribed the information from the card to the questionnaire. If not, the interviewer asked the respondent whether the child had received the interventions in the recently ended campaign. If the child received the intervention, the date when that was given was noted on the questionnaire, otherwise the intervention was reported given or not given. Questionnaires comprised of the following items: parent/caretaker demographic factors, child's age and sex, campaign card seen or not, evidence of indelible mark for immunization and whether measles dose, Vitamin A, OPV dose or Mebendazole tablet for de-worming were given during the campaign. The other items in the questionnaires were on reasons for failure to receive measles vaccination, vitamin A, OPV vaccination and Mebendazole. Another questionnaire elicited questions on sources of information about the campaign and what were their key messages, and knowledge on the administration of the measles vaccine, vitamin A, OPV vaccine and Mebendazole.
Data Management and Analysis
Data were computerized using Microsoft Office Excel 2007. It was edited using range and consistency checks. A cleaned file was then exported to SPSS version 17 for data analysis. Analyses comprised running frequencies and computing 95% confidence intervals upon using Complex samples program in SPSS.
RESULTS
Data were available for analysis from 359 parent/care taker children pairs to determine measles coverage, 190 for OPV supplementation coverage, 270 for Vitamin A coverage, and 336 for de-worming coverage.
Sample Description (Parents/Care Takers)
About half of the respondents were below the age of 30 years (52.3% in the measles sample, 58.4% in the OPV sample, 53.7% in the Vitamin A sample, and 53.5% in the deworming sample). About ninety percent of the respondents were females (89.7% in the measles sample, 94.2% in the OPV sample, 91.1% in the Vitamin A sample and 91.4% in the de-worming sample), and 3 in 4 of the respondents belonged to the Protestant religion (74.9% in the measles sample, 73.7% in the OPV sample, 75.9% in the Vitamin A sample, and 76.2% in the de-worming sample)). About half (51.0% in the measles sample, 48.4% in the OPV sample, 53.0% in Vitamin A sample, and 51.2% in de-worming sample) and a third (34.5% in measles sample, 39.5% in OPV sample, 34.1% in Vitamin A sample, and 35.4% in deworming sample) had obtained primary and secondary levels of education, respectively. The majority of the respondents were housewives (57.1% in measles sample, 50.0% in OPV sample, 57.8% in Vitamin A sample, and 56.55 in deworming sample). These results are shown in Table 1 .
About 6 in 10 of the children were aged 1 or 2 years (57.8% in measles sample, 62.9% in OPV sample, 61.8% in Vitamin A sample, and 63.6% in de-worming sample), and there were slightly more males than females in all the samples (50.7% in measles sample, 54.7% in OPV sample, 52.4% in Vitamin A sample, and 51.2% in de-worming sample) as shown in Table 2 .
Coverages for Measles, OPV, Vitamin A and de-worming
A total of 345 (96.1%) were vaccinated against measles. A total of 157 (83.1%) received OPV, 257 (95.5%) received Vitamin A, and 313 (93.4%) were de-wormed. The results are shown in Table 3 .
Evidence of Participation in the Campaign, Vaccination Sites, and Reasons for Not Being Immunised or Receiving Vitamin A or Mebendazole
Immunization cards were seen in over half of the children (56.0% in the measles sample, 57.7% in the OPV sample, 56.5% in the Vitamin A sample, and 58.5% in the deworming sample), respectively. Meanwhile, indelible mark was seen in less than ten percent of the children (5.6% in measles sample, 6.9% in OPV sample, 7.1% in Vitamin A sample, and 4.5% in de-worming sample). About half of the children (52.5% in measles sample, 49.7% in OPV sample, 57.0% in Vitamin A sample, and 52.9% in de-worming sample) received measles or OPV vaccines or Vitamin A or Me- bendazole from government health facilities. These results are shown in Table 4 .
Districts with children who had cases of measles were observed in the eastern part of the country in Luapula, Central and Eastern provinces as shown in Fig. (1b) .
Sources of Information and key Messages About the Campaign, Knowledge on How Vaccines, Vitamin A and Mebendazole were Administered
Most of the respondents reported that the health worker was the source of information about the campaign (62.6% in measles sample, 60.8% in OPV sample, 63.7% in Vitamin A sample, and 64.0% in de-worming sample), while about thirty percent of the respondents indicated that the radio/television was the source of information about the campaign (29.1% in measles sample, 28.0% in OPV sample, 30.0% in Vitamin A sample, and 30.7% in de-worming sample). The most frequently reported key messages were encouraging children to go for vaccination (64.7% in measles sample, 69.1% in OPV sample, 64.8% in Vitamin A and 64.9% in de-worming sample) and advantages for vaccination (65.5% in measles sample, 66.9% in OPV sample, 54.8% in Vitamin A sample, and 63.4% in de-worming sample). Most of the respondents knew how to administer measles vaccine, Vitamin A or Mebendazole (98.3% in measles sample, 98.4% in Vitamin A sample, and 95.5% in deworming sample) but only 59.9% of the respondents knew how to administer OPV. These results are shown in Table 5 .
DISCUSSION
With the measles coverage of 96.1% in the current survey, Zambia meets the needed coverage for fully protective herd immunity of between 94% and 97% [27] . However, with primary vaccination failure occurring at 4%-8% and secondary failure at about 4%, high measles coverage may not be the determining factor to control the disease. The successful nationwide measles vaccination campaign has already resulted in a drastic reduction of reported measles cases in Zambia despite heightened surveillance due to the high measles vaccination coverage [25] . Some countries have adopted a two-dose policy: one dose in infancy and a booster, usually at school age in order to control measles [28] , but Zambia is currently scheduled to introduce second dose measles in 2013.
While OPV coverage was on a low side at 83.1%, Vitamin A and Mebendazole coverages were above 90%. Since OPV was not administered to all districts, the observed low coverage may be a reflection of the mal-distribution of the vaccine. The high level of Vitamin A coverage indicated that the risk of developing respiratory disease, diarrhoea, measles and vision problems and dying may be reduce [23] .
We found that about half of the children had the immunization card and less than ten percent of the children had the indelible mark. The post measles survey was conducted late such that the mark was not visible on most of the children's figures. It is important to emphasize the importance of keeping the immunization card as evidence of immunization. It is equally important that the immunization card is equally distributed to all immunization centres.
While the majority of the vaccination site was the government health facility, it is pleasing to note that the school (both private and public) was also the site for vaccination in about ten percent of the children. In the just ended campaign, children in the age group 6 months to 15 years were eligible for measles vaccination whether vaccinated before or not.
The main source of information about the campaign was the health worker, followed by the radio/television. These Fig. (1b) . Areas within the sample that had some children not vaccinated against measles. * number not adding up to totals due to missing data sources may not be the ideal sources in populations with limited access to health facilities and radio/television given the high poverty level in Zambia. School-going children and traditional leaders should be widely used to disseminate information on campaigns.
About ten percent of the parents/care takers took an hour or more to get to the vaccination sites. More vaccination sites should be created in order to easy access to the sites.
CONCLUSION
The 2012 measles campaign in Zambia was a great success but continued efforts are needed to adhere to the WHO/UNICEF strategy to control measles. 
